The transversus abdominis plane (TAP) block is a regional technique used for providing postoperative analgesia (or potentially surgical anaesthesia), for a range of clinical procedures, particularly those involving incisions through the lower abdominal wall. Several clinical trials have reported a reduction in morphine consumption and improvement in postoperative pain relief. 1 -7 The technique involves the injection of a relatively large dose of local anaesthetic as a single high-volume bolus into a relatively vascular plane. Potentially toxic plasma concentrations of local anaesthetic have been described after similar techniques, such as intercostal block. 8 We have previously reported potentially neurotoxic plasma ropivacaine concentrations in patients receiving TAP blocks before gynaecological laparotomy 9 and this has been confirmed by other pharmacokinetic studies. 10 Several published reports have confirmed that clinically significant neurotoxicity can occur in at-risk patients receiving TAP blocks, 11 -13 such as those with liver or renal impairment.
Women who are pregnant (or recently pregnant) have physiological changes which may increase their susceptibility to local anaesthetic toxicity.
14 The increased cardiac output and tissue blood flow may result in more rapid increase in plasma concentrations of local anaesthetic, the speed at which local anaesthetic concentrations in plasma increase is known to increase the risk of toxicity. Reduced concentrations of plasma binding protein may also result in higher concentrations of free local anaesthetic. However, this has not been supported universally in animal models. 15 16 Addition-which may predispose to neurotoxicity, with seizures occurring at lower plasma concentrations of ropivacaine than for the non-pregnant. 17 We are not aware of evidence to suggest that an increase in susceptibility to neurological toxicity necessarily corresponds to an increase in the risk of cardiovascular toxicity. Caesarean section is a common surgical procedure where the TAP block may offer analgesic benefit. 5 -7 18 It is perhaps the most common surgical procedure for which TAP blocks are performed. 19 The potential for local anaesthetic systemic toxicity in pregnant women undergoing neuraxial anaesthesia is well recognized, and frequently addressed in maternal resuscitation guidelines. 20 It has been proposed that Intralipid TM should be available in obstetric centres. 14 The potential for TAP blocks to cause local anaesthetic toxicity in recently pregnant women has not previously been studied. This observational study aimed to quantify the peak and mean venous plasma concentrations after ultrasoundguided TAP block using ropivacaine in healthy women undergoing Caesarean section under spinal anaesthesia, and to measure the time course of plasma concentration over 4 h after injection. We also assessed the women for clinical symptoms and signs consistent with neurological local anaesthetic toxicity. We did not assess specifically for cardiovascular toxicity as animal studies suggest the CC/CNS ratio for ropivacaine is high (1.9 -8.1), making the likelihood of observing overt cardiovascular toxicity very low. 21 
Methods
After institutional Human Ethics and Research Committee approval and informed written consent, female patients over 18 yr of age undergoing elective Caesarean section under spinal anaesthesia were recruited. Patients were excluded if they had any allergy/sensitivity to local anaesthetic, significant renal or liver dysfunction, or weighed over 100 kg.
Patients received a spinal anaesthetic consisting of 11 mg of heavy bupivacaine and 15 mg of fentanyl. I.V. cephazolin 1 g, parecoxib 40 mg, and paracetamol 1 g were administered after cord clamping. A 5 unit bolus and 40 unit infusion regimen of syntocinon were administered. Rectal slow-release oxycodone 30 mg was given at the conclusion of the procedure.
TAP blocks were performed after wound closure by a study investigator (or by a senior trainee experienced in the technique, under the direct supervision of a study investigator). Images were obtained using a Sonosite M-Turbo w ultrasound machine (Sonosite Inc., Bothell, WA, USA) with an L38x 10-5 MHz 38 mm broadband linear array probe. Blocks were performed using a 150 mm Stimuplex w needle (B-Braun Medical, Bethlehem, PA, USA) using an in-plane approach. Participants received a total dose of 2.5 mg kg 21 of ropivacaine (Naropin w , AstraZeneca, London, UK) diluted with 0.9% saline to a total volume of 40 ml (20 ml each side). The injections were performed midway between the costal margin and the iliac crest, between the junction of the anterior and middle thirds of the iliac crest.
The dose of 2.5 mg kg 21 was chosen as it represented a meaningful reduction from the concentration used in our previous study, while still being within the range shown to be efficacious in similar studies using the technique. 2 4 9 After the procedure, blood samples were obtained by aspiration from a large-bore venous cannula, specifically placed in the antecubital fossa on the contralateral side to the cannula used for administering fluids and medications. Venous blood samples were collected at 10, 20, 30, 45, 60, 90, 120, 180 and 240 min following the block. Patients were asked whether they were experiencing perioral tingling, a metallic taste, tinnitus, visual disturbance, or slurred speech at the time that each blood sample was obtained. Local anaesthetic assays were performed using the method previously described. 9 Unbound (free) ropivacaine concentration was measured on one sample, and the plasma binding fraction was calculated based on the corresponding total ropivacaine concentration in that sample.
Sample size estimation
The sample size estimation was based on reported plasma levels with the potential for early neurotoxicity [2.2 (0.9) mg ml 21 ] 22 compared with scalp blocks as an exemplar of relatively high blood flow tissue block. For scalp blocks, the peak plasma concentrations of mean 1.6 (0.6) mg ml 21 have been reported. 23 Using two-tailed analysis, a 0.05, and a power of 0.8, the minimum sample size was 28 patients in order to detect plasma ropivacaine levels 30% higher than scalp blocks, which would include the potentially toxic threshold of 2.2 mg ml 21 . Student's t-test was used to compare differences between numerical variables.
Results
We recruited 30 patients in this study. Patient characteristics are shown in Table 1 . All participants underwent uncomplicated Caesarean section under spinal anaesthesia. The TAP blocks were performed after wound closure using a mean [standard deviation (SD)] dose of ropivacaine of 199 (27.8) mg. The time course of total plasma ropivacaine concentrations is shown in Figure 1A (mean, SD) and B (scatter plot). The mean peak total plasma ropivacaine concentration was 1.82 mg ml 21 . The mean (SD) time of the maximum concentration was 35.5 (15.7) min. The highest individual In the first hour of observations, the total plasma concentrations of ropivacaine exceeded the potentially toxic threshold of 2.2 mg ml 21 in 12 patients.
Three of these patients described symptoms attributable to local anaesthetic toxicity. The characteristics of these symptomatic patients are also shown in Table 1 . Symptoms were limited to perioral and tongue paraesthesia, a metallic taste, and slurred speech ( Table 2) . Symptoms commenced at either the 20 or 30 min sample, and persisted for 10-70 min. The mean (SD) total peak ropivacaine concentrations for these three patients was 2.70 (0.46) mg ml 21 , as shown in Figure 1C . The mean (SD) time to the maximum concentration in symptomatic patients was 26. 
Discussion
This study aimed to prospectively assess for subtle symptoms of neurotoxicity in awake patients undergoing TAP block. We have demonstrated that healthy pregnant women receiving TAP blocks for Caesarean section can develop symptoms consistent with mild toxicity despite using modest doses of local anaesthetic. In our study, 12 patients had concentrations of total venous ropivacaine which exceeded the widely quoted toxic concentration of 2.2 mg ml 21 at some time after the block. All three patients who developed symptoms were in this group, which supports the acceptance of this plasma concentration as a reasonable threshold for clinical toxicity in patients undergoing TAP block. Symptomatic patients had greater mean (SD) body weight than the asymptomatic [90.7 (6.7) vs 78.1 (11.2) kg, P,0.05]. Consequently, the mean (SD) total dose of ropivacaine in the symptomatic patients was significantly greater compared 24 Thus, the anatomical region of desired anaesthesia dictates to some extent the volume required to cover the corresponding segmental abdominal wall nerves. It may be preferable to obtain the spread of local anaesthetic solution by hydro-dissecting the plane and by progressively redirecting and advancing the needle within the TAP, rather than by relying on an excessively large volume of injectate to achieve the same spread. Also, the concentration of local anaesthetic used will dictate the duration of analgesia achieved, and to some extent also the density of analgesia/anaesthesia obtained. 25 There are several potential limitations in our study. First, we did not assess the analgesic efficacy of the TAP blocks in our patients, nor did we record information regarding ultrasonographic evidence of successful local anaesthetic placement. It is possible that poor pain relief may indicate improper deposition of local anaesthetic into the desired anatomical plane, for example, excessive leakage of injectate into the surrounding musculature. This may in turn influence the extent of plasma uptake of local anaesthetic. The risk of unintended i.m. local anaesthetic deposition may also be higher for obese patients, which may have affected the results we obtained. Additionally, patients were asked directly whether they had specific symptoms associated with neurotoxicity. It is possible that, due to the subjective nature of these symptoms, suggestion bias may have been introduced and affected symptom reporting.
TAP blocks have been shown to reduce postoperative morphine consumption in the first 24 h after Caesarean section. 4 -7 The risk -benefit balance for TAP blocks either in addition to or as an alternative to other analgesic regimens (such as intrathecal morphine) in this setting is yet to be fully elucidated, although it must be noted that the symptoms of neurotoxicity in our patient sample were mild and of minimal clinical consequence.
Conclusion
This study confirms that the TAP block at Caesarean section may result in plasma ropivacaine concentrations associated with neurotoxicity.
